If dangerous and irreversible climatic events are to be avoided, global average temperature should not increase by more than 2 °C above pre-industrial levels. In order to achieve such a global target, a mitigation pathway has to limit global emissions to about 50 percent below 1990 levels by 2050. We want to investigate in this paper the radical change of the energy system that would be needed for entering the pathway for halving emission levels by applying a global analytical tool. A comprehensive data base with a global coverage including socio-economic data as well as data on energy and emissions has been set up. By dividing the word into six countries and regions which account for two thirds of global emissions and a region for the rest of the world we investigate in an analytical framework the key drivers and parameters of the energy system which refer to population dynamics, economic activity, energy and carbon intensity. Based on assumptions about the diffusion and convergence of these key parameters we derive implications for long-term emission reduction targets.
Motivation
Targets for greenhouse gas emissions continue to be the cornerstone of climate policy despite the considerable shift of its global architecture from a Kyoto to a Copenhagen style regime. The majority of the world's countries are committed to limiting greenhouse gas emissions targets that limit global warming to 2 °C and there are a number of proposals how this temperature target translates into emission targets. Meinshausen et al. (2009) estimate that halving global emissions by 2050 compared to 1990 levels still leaves a 12 to 45 percent probability of exceeding a 2°C target. UNEP (2011) states that emissions would have to peak before 2020 and afterwards to decline with more than 2 percent per year in order to maintain the chance of meeting the 2 °C target. In a roadmap for 2050 the European Commission suggested in March 2011a reduction target for the EU between 80 and 95 percent.
We want to investigate in this paper the radical change of the energy system that would be needed for entering the pathway for halving emission levels by applying a global analytical tool. A comprehensive data base with a global coverage including socio-economic data as well as data on energy and emissions has been set up. By dividing the word into six countries and regions which account for two thirds of global emissions and a region for the rest of the world we investigate in an analytical framework the key drivers and parameters of the energy system which refer to population dynamics, economic activity, energy and carbon intensity.
Based on assumptions about the diffusion and convergence of these key parameters we derive implications for long-term emission reduction targets.
Identifying structures and dynamics of the global energy system
It goes without saying, that the global energy system is undergoing rapid changes. We will gather in this section evidence of these changes both on a global and on a regional scale. In addition we want to grasp a first impression about the drivers of these changes. Population and economic activity, measured by gross domestic product (GDP), are considered as the key causalities for energy demand which in turn determines via the carbon intensity of the energy mix the CO2 emissions.
The global perspective
We obtain from Figure 2-1a first impression about the key indicators GDP (at constant 2000 prices and purchasing power parity), TES (total energy supply), CO2 (carbon dioxide emissions), and population which have all expanded since 1990 with different dynamics.
Remarkable is the nearly linear population path, the almost doubling of global GDP which is leveling off after a pronounced exponential growth and a similar path for energy. CO2
emissions follow an almost identical path as total energy supply which is evidence of almost unchanged carbon intensity over the past two decades. Slightly upward movements can be observed for natural gas and recently for renewables.
There is a slight decline in the share of nuclear. 
The regional perspective
We obtain valuable insights into the regional differences of population dynamics, economic activity, energy supply and CO2 emissions by splitting the world into seven regions or The wide differences in the regional distribution of population, GDP, total energy supply and CO2 emissions can be seen in Figure 2 -3 and the accompanying The regional dynamics of the key indicators population, GDP, total energy supply, and CO2 emissions can be seen from Figure Table 7-9 to Table 7 -12 in the appendix that reveal the following emerging evidence for the past two decades:
-China could increase its GDP about 530 percent, accompanied by an increase of energy of about 160 percent but an increase of emissions of about 210 percent with a population increase of only 17 percent.
-India could about triple its GDP accompanied by an increase of energy of about 110 percent and of emissions of about 170 percent with a population increase of to 36
percent.
-The USA could increase its GDP by about 60 percent together with an increase of energy of 13 percent and of emissions of 7 percent with a population growth of 23 percent. -6 --The EU exhibits a 40 percent growth of GDP with stagnating energy and a decline in emissions of 12 percent together with a 6 percent increase of population.
-Japan shows only a 17 percent increase of GDP together with an increase of 7 percent of energy and of 3 percent of emissions.
-The Russion Federation is facing a GDP and population decline of about 4 percent compared to 1990 levels together with a sharp decline of energy by 26 percent and emissions by 30 percent.
-The Rest of the World expanded GDP by 90 percent together with energy by 57 percent and emissions by 53 percent with a population growth of 40 percent. In contrast to using single and weighted multiple indicators we suggest a more integrated approach by identifying a set of structural indicators based on the demand and supply structure of the energy system and related emissions.
Single criteria indicators
Indicators for emissions reductions which are based on a single criterion are popular, because they seem to convey obvious messages as the amount of emissions per person or the amount of emissions per unit of GDP.
In Figure 3 -1we obtain insights about the regional disparities of greenhouse gas emissions per person. These indices can be easily compared since they are normalized on the EU value for 2005 which is set to 100. Obviously the USA has emissions per person which are more than twice above the EU levels but rapidly declining. In contrast this indicator has been strikingly increasing for China over the last decade and to a lesser extent for India. 
Structurally integrated indicators
Starting point of our set of structurally integrated indicators is a basic model which describes the demand and supply structure of the energy system by the following key parameters: The following identity is interpreted as the demand for emissions:
by defining as structural parameters (Q/P) economic activity (GDP per person), (E/Q) energy intensity (TES per GDP), and
By defining the components of total energy supply as we describe the supply side by the energy mix as (2) E = Efos + Eres + Enuc + Eoth from which we obtain for the total carbon intensity
with the supply side parameters (C/ Efos) carbon intensity of fossils, (Eres/E) share of renewables in TES, (Enuc/E) share of nuclear in TES, and (Eoth/E) share of others in TES.
Within this analytical framework CO2 emissions can be traced according to equation (1) This overall carbon intensity in turn is according to equation (3) 
Simulating emissions targets and their distributions
We propose in this section a procedure for finding emissions reduction targets and their distribution among countries and regions based on the structural indicator model explained in equation (1) of the previous section by explaining the analytical framework and some simulation results.
Assumptions of the simulation procedure
We simulate in the structural indicator framework the changes in global CO2 emissions based on a number of assumptions.
(a) Carbon emissions C are determined by a set of linked indicators, namely -P population -(Q/P) economic activity (GDP per person), -(E/Q) energy intensity (TES per GDP), and -(C/E) carbon intensity (CO2 per TES). via the structural relationship equation (1) 
We compare a start period with and end period.
The start period is 2009, the latest available data period. The end period is tentatively 20 years later.
(c) We predict population for the end period by using UN population predictions for 2030.
(d) For the remaining structural parameters we assume an adjustment process towards harmonized global economic structures. This adjustment process is based on an indicative change target value c und an adjustment of the regions and countries by an adjustment factor d with the following mechanism (4) xend,i = xstart,i·c − d·(xstart,i·c -100·c)
The rational for this adjustment mechanism is as follows. At the start period the global value of parameter x is 100 and the individual value of this parameter is xstart,i for the i-th country of region. The indicative global target at the end period is 100·c. The indicative individual target at the end period is xstart,i·c. The adjustment factor d (defined between 0 and 1) determines to what extent the discrepancy between the indicative individual and global target at the end period is adjusted.
Simulation results
We demonstrate the usability of this procedure for determining global emission targets and their distribution among regions and countries by a simulation for the seven regions considered.
We want to obtain for a tentative end period of 2030 suggestions for a global emission reduction targets and a compatible distribution for the seven regions and countries considered so far.
Starting point is the UN population forecast for the end period 2030. Next we apply our adjustment mechanism to the structural parameters of our modeling framework. For all parameters we need to define indicative targets and adjustment factors. We made the assumption of a uniform adjustment of 0.3 or 30 percent for all parameters between the global and individual target value.
For economic activity, defined as GDP per person, we assume an indicative increase of 20 percent over the next two decades. The results of this procedure can be seen in Figure 4 -2. All countries exhibit further economic growth but with higher rates for the poor countries.
For energy intensity, defined as total energy supply (TES) per GDP, we assume an indicative reduction of 30 percent with results shown in Figure 4 -3. All indicators for parameters are normalized as an index with value 100 for the EU-27 iin 2005. This means, e.g., that the EU-27 could improve its energy intensity by 2009 by 10 index points to 90 and is expected to reduce this parameter to 66 by the end period in 2030.
For carbon intensity, defined as CO2 emissions per total energy supply (TES), we also assume an indicative reduction of 30 percent and obtain the results in Figure 4 -4Figure 4-2. Remarkable is the position of China with a particular high carbon intensity. The final result of our simulation of a global CO2 emission reduction target and the distribution of this target amount the seven countries and regions can be seen in Figure 4 -5 and in Table  4 -1. Based on our assumption about rather ambitious reductions of energy and carbon intensities but also additional economic activity in particular for the poor regions we realize that only around 2030 global emissions might peak. Deep emission cuts will be required by the industrialized countries but also China which, however, will be counterbalanced by still rising emissions in India and the Rest of the World.
Further insight in the causes of these results are obtained from Table Table 4 
Conclusions
In several respects the results obtained from our procedure for identifying global emission targets and their distributions among countries and regions seem to be surprising and sobering.
First, despite of rather strong assumptions about the reduction of energy and carbon intensities global CO2 emissions might be decline only around 2030 and not before 2020 as recommended from concerns about a 2 °C global warming target.
Second, the future dynamics of CO2 emissions will greatly vary. Rest of the World but above all India might still strongly expand their emissions. China's emission might start declining soon and the industrialized countries need to contribute with deep emission cuts in order to stabilize global emissions.
Third, the main driver for expanding CO2 emissions remain population growth in India and the Rest of the World and the increase of economic activity in the poor regions of the world.
Fourth, these results were obtained by postulating rather ambitious technological changes as to energy and carbon intensities, thus indicating the need for a rapid dissemination and implementation of the corresponding technologies. 
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